The classroom environment is full of distracting stimuli and research has identified that younger children are more susceptible to interference from distracting stimuli than adults. Interference control is broadly defined as the ability to resist distracting stimuli however the development of the cognitive and motor processes underlying this ability have not been systematically documented. In order to dissect the importance of the motor and cognitive processes involved in interference control this pilot study used a manual colour word Stroop task which dissociates these abilities. The results confirm that cognitive and motor processes can be dissected using this paradigm. In future research this paradigm could be used in children to determine the developmental trajectory of these abilities which may be vital for academic success.
Introduction
It has been noted by many researchers that as children age they are better able to complete cognitively difficult tasks (Szücs, Soltész, Jármi, & Csépe, 2007; Szücs, Soltész, Bryce, & Whitebread, 2009 ). For example a 12 year old child is able to sit quietly to complete a difficult math problem with ease whereas a 5 year old child would struggle to complete the task. Ridderinkhof, van der Molen, Band, and Bashore (1997) , Jongen and Jonkman (2008) and Szucs et al. (2007 Szucs et al. ( , 2009 have proposed that one skill that may be crucial for a child's ability to perform a complex cognitive task is the development of interference control. Jongen and Jonkman (2008) have defined this as the 'ability to suppress distracting stimuli, either external or internal, from interfering with current operations of working memory or carrying out a motor response.' Evidently both cognitive and motor processes are involved in this complex behavioural phenomenon. In a classroom full of distraction the ability to pick out the pertinent information in a complex math question and efficiently organize and structure a written response is important for school performance (Blair & Razza, 2007; Dempster & Corkhill, 1999) . However the processes driving developmental improvement in the ability to resist interference have yet to be systematically documented (Ridderinkhof & van der Molen, 1995) .
A better understanding of the motor and cognitive processes involved in interference control is an important area of educational and developmental research. For example the developmental trajectory of the motor and cognitive processes involved in interference control could be different and teaching strategies could target these different abilities at different developmental stages. Perhaps young preschool children could benefit from more practice with motor control as opposed to cognitive ability.
Disorders that are marked by problems with interference control could similarly benefit from a better understanding of the development of motor and cognitive processes. Children with ADHD may have a deficit in their ability to control motor and cognitive interference whereas children with ADHD without hyperactivity could have a deficit in cognitive interference only. A clearer understanding of these underlying processes could assist with improved diagnosis and treatment (Nigg, 2001 ).
Stroop Task

The Traditional Stroop Task
Historically the most widely used test of interference control is the Stroop test which was designed in 1935 by J. Stroop (see MacLeod, 1991 for a review). In the traditional colour word Stroop paradigm the ink colour in which the word is printed does not always correspond with the semantic meaning of the word, for example YELLOW (see Figure 1 ). However the participant must only respond to the printed ink colour of the word. Therefore the task relevant information is the ink colour of the word whereas the task irrelevant information is the more salient semantic meaning of the word.
Congruent Condition:
Incongruent Condition: It is commonly found that task relevant and task irrelevant stimulus features interact to cause interference effects. Interference in this task is measured by decrements in the reaction time or accuracy during the incongruent conditions, for example when the word yellow is printed in green ink, participants tend to be slower to make a correct response (Stroop, 1935) .
Consequently in the standard colour-word Stroop task stimuli are designed so that they evoke both motor response related and cognitive related interference that cannot be dissociated. On the incongruent trials (e.g. word red in blue ink, RED) the task relevant (printed ink colour) and task irrelevant (printed word) cognitive stimulus dimensions are incongruent. However the motor response dimensions are also incongruent. The salient response of reading the printed word red and the task relevant response of saying the colour blue are also incongruent. So the question arises as to whether the performance decrements in the incongruent trials are due to interference caused by the cognitive or motor response dimensions of the task. The manual colour word Stroop attempts to disentangle these sources of interference (see Figure 2 ).
The Manual colour word Stroop task
As in the traditional colour Stroop the manual colour-word stimuli have two dimensions; the task relevant naming of the ink colour and the task irrelevant reading of the written word. The manual version of this paradigm is unique as it differentially engages the cognitive and motor processes involved in interference by utilizing three different conditions. Performance on these different conditions can then be compared to identify the independent contributions of cognitive and motor processes to interference control (de Houwer, 2003) . The participant is presented with several intermixed congruent, stimulus incongruent and response incongruent trials (see Figure3). In the congruent trials (con) the stimulus is congruent in terms of the stimulus dimension and the response dimension. For example in terms of stimulus dimensions the irrelevant stimulus dimension (written word) and the stimulus ink colour are congruent (e.g. RED). Therefore in this condition there is no interference between the stimulus dimensions. Additionally the response dimensions are also congruent. The salient response of reading the written word 'RED' and the correct ink related motor response engage the same hand.
In the stimulus incongruent (SI) condition the task stimuli is presented in a colour that is different from the written word e.g. (RED). However in this condition both the printed stimulus colour and the cognitively salient semantic meaning will be associated with the same response button. For example the colours red and green will be associated with the same left button press. There will be no interference detectable at the motor response level in this condition as both responses are mapped to the same response hand. Therefore any decrements in performance in this condition are attributed to interference at the cognitive level.
In the response incongruent (RI) condition the printed colour is incongruent with the semantic meaning of the word (e.g. RED) and additionally these responses are associated with different response hands. For example the cognitively salient but incorrect response associated with reading the word RED is mapped to the left hand however the correct response associated with the ink colour blue is mapped to the right hand. This condition is considered to produce interference at the motor response level. As the RI condition could potentially involve both response and stimulus interference if the amount of stimulus interference is recorded during the SI condition this can be subtracted from the RI condition to isolate purely the motor response related processes. 
3.1Participants
16 adults participated in the study (10 females) with a mean age of 26 years. Three left handed participants were included. The adults were graduate students and staff at the University of Cambridge.
Stimuli
For the colour word stimuli the following English words were used; BLUE, RED, GREEN, YELLOW. These words could be presented in each of the following colours; blue, red, green or y y y e e e l l l l l l o o o w w w . A total of 16 different stimuli could be presented. The stimuli were pseudo-randomized whereby each subject had a different random order of stimuli presentation. This was to ensure that there would be no random effects due to one particular stimuli randomization.
Procedure
Subjects were seated in a small room facing a 19 inch computer screen. They were instructed to watch the computer screen and hold a video game controller using their left and right thumbs on the corresponding button press. Stimuli were presented by the Presentation program of Neuro-behavioural systems. The data was recorded in an electrically and acoustically shielded booth.
A sample trial sequence is depicted in Figure 3 . The subjects had to determine the ink colour of the word on the computer screen. If the ink colour was red or green subjects were instructed to press the left button. If the ink colour was yellow or blue the subjects were instructed to press the right button. This was counter-balanced.
Results
As all subjects participated in all the conditions a repeated measures design was necessary with reaction time and accuracy as the dependent measures and congruency conditions (con, SI and RI) as the independent measures. The accuracy and reaction time data are given in Table 1 . All effects are reported as significant at p < .05. Figure 4 represents the data graphically. In terms of accuracy a significant main effect of congruency was found F(2, 30) =4.287 p< .023. Contrasts revealed that accuracy for congruent trials, F(1, 15) = .009 p < .925, was not significantly higher than SI trials. Therefore the participants solved the task at the same level of accuracy for the congruent and SI conditions. However accuracy for the congruent condition, F(1, 15) = 4.782 p < .045, was significantly higher than the RI condition. Participants were significantly more inaccurate during the RI trials.
In terms of reaction time a significant main effect of congruency was found, F(2, 30) = 17.75, p< .0001. Contrasts revealed that the reaction time during the RI condition was significantly slower than the congruent condition. Participants were on average 32 sec slower during the RI condition F(1, 15) = 22.54, p < .001. This study confirms the findings by de Houwer (2003) . The participants performed poorly in the RI condition when compared with the con and SI conditions. Interestingly these different conditions engaged cognitive and motor response processes to different degrees. In the congruent condition there was neither cognitive nor motor response interference and participants had the fastest reactions and were the most accurate. Similarly in the SI condition even though cognitive interference was engaged (as the stimuli were incongruent in terms of their perceptual dimensions) participants had similar levels of reaction time and accuracy performance when compared with the congruent condition. Interestingly in both of these conditions no response interference was involved. The stimuli were congruent in terms of the response dimensions as in both cases the stimuli evoked responses that were mapped to the same response hand.
Conversely the RI condition specifically targeted the ability to organize a motor response and this produced the most interference as indicated in the greatest decrements in reaction time and accuracy performance. This potentially indicates that the task irrelevant written word and the task relevant ink colour activated conflicting motor response maps. The decrements in performance would therefore reflect difficulties in the identification and the engagement of control over this motor conflict. This indicates that motor interference control is perhaps a slower and more difficult exercise when compared to cognitively related interference control.
The difference in performance between the con, SI and RI conditions indicates that these conditions can differentially engage the cognitive and motor processes involved in interference control. This is an important finding as we can conclude that this paradigm can clearly contrast the ability to engage cognitive processes compared to motor processes. Additionally this paradigm highlighted how motor interference control seems to be an area of great difficulty.
Conclusion
Over the years interference control has been linked to maths, reading, writing, problem solving and special needs education (Dempster & Corkhill, 1999) . It would appear that interference control is a general skill that can be applied to all types of learning. This research was interested in determining a behavioural measure of interference control that can dissect the motor and cognitive processes involved in this ability. As indicated by the reaction time and accuracy results the conditions involving motor or cognitive processes can be differentiated. Interestingly participants performed more slowly on the RI condition where they had to engage motor abilities. Future studies will examine this effect in children to determine the developmental trajectory of the cognitive and motor abilities involved in interference control with a particular emphasis on examining difficulties with motor ability. 
